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METHOD AM) DEVICE FOR REMOVING HAIR 

FIELD AND BACKGROUND OF THE INVENTION 

The present ii^^ aesthetic care and, more particvilarly, to a 

5 method and device for removing hair. 

A hair epmposed of a prot^ named keratin arranged iii three layers, termed 
the. outer cpti4%-thj^ ^ the central medulla. Hair grows from a 

foUide,: pit buried under the skin. The walls of the 

follicle form but^ The base of the hair follicle, called the 

10 dermal papilla, is fed by tiie bloodstream which carries noxxrishment (e.g., nutrients 
and oxygen) to produce new h and removes waste materials formed in the process 
{e.g., Cp2). T^ie lo#er part of the follicle widens out to form a hair bulb contaming a 
germinal matiix,- w is the source of hair growth. Hair growth is initiated in the 
hair bulge, which is a small swell of tiie hair follicle that forms the attachment site of 

15 a small sinobjfli muscle, called the airector pili muscle. During the anageri phase (the 
growing phase of the hair), the dermal papilla sends signals to the stem cells in the 
hair bulge to tmgrate dowhward^^^^ aldng the .foUicle, Triggered by the dermal papilla, 
the stem peUs^hegiti to proliferate and, following cell differentiation, a new hair shaft 
is formed; 

20 Varipuf method^^^^^ for removal of undesired hair [Hwang 

liew, Bernig^lo^ June 1999, 431-439]. Known devices generally 

pluck hair affiled ito; a"t^ types of gripping, pulling and/or cutting 

. means. Tli^^^^ classified into two major categories: short- 

term and lohg-teffi to 

25 Ih j shorfc^^ hair is removed without 

significantly damagmg^^^ t^^ regeneration and/or re-growth mechanisnas 

found at the b^eyof e^^ a^cts only that part of the hair shaft, 

which is- locafed bu^^ skin, while the living part of the hair (in the hair follicle 

attached to deteial^^^^ p grow. The most common short-term hair 

30 removal tecjffi rotary mechanical epilation, waxing and 

: chemical depii^^^ 

Shaving s cuts, and can leave a perception of an increase in 

: . the rate of 1^ . l^hjaving:^^ leave an . undesirable stubble. Rotary 
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mechamcal epilation de\dces^^m^ rotating pinching mechanism which pinches 

and pulls out the? hairs in a rather painful manner. 

Waging, taking out most of the hair adhered to wax and tearing apart 

the hair or discorineeting it from its follicle and papillae, leaves the papillae itself at 
5 least partially ; Consequently, the living cells will establish a new hair 

geniiinatipn 2^i^ leading to renewed hair growth. Waxing can leave 

hair papillae ahd s^^ sore and open to infection;, and caimot be used in cases of 
varicose veins{ motes or Warts, 

GheipiQfid' >^ involves the use of high concentration of alkaline 

10 chemicds, u^u^ly^^^^^ that dissolve the protein structure of the 

hair, lea^ipg 'jli^ from the papillae. Ilie chemical depilation is 

occasioniailly abcQijipm Chemical depilation leaves the papillae 

itself at least partially vital, allowing regrowth of hair. 

Cohveisely to the short-term hair removal techniques, long-term hair removal 

15 techniques affect the biological re-growth mechanisms of the removed hair, and thus 
have the potential of inhibiting re-growth of unwanted hair from the treated organ. 
The most common long-term hair removal techniques include: electrolysis, laser and 
intense pulsed (nbn^^^^ 

Elecixol^ysis is performed by transmitting a direct current to the hair root in 

20 order to form hydrdxyl i that electrochemically destroy the g^minative ceUs of the 
hair foUides.A 151^^ can also be performed using high frequency currents to 
heat the watier^^M^^ and to coagulate the germinative hair cells.. 

Although blecjioii^sis^ is considered as a permanent method for hair removal, there is 
still a r^B-grow^ removed hair after treatment. Moreover, 

25 electrolysis utilizeis^.t^^^ a needle into the hair follicle, which is a rather 

painful and infactfoh-prone process. The results of this procedure heavily depend on 
the skill of th8;pers6n ope^^ the electrolysis device, and xmskilled treatment may 
cause pignxen^tatipn, scarri infection and small electrical shocks. 

U. S. B^tent NosV 5,632,741 and 5,752,948 disclose methods for hair removal 

30 by laser, radiatibh.^^^^^^ follicle is irradiated by focused laser beam, resulting in a 
temperattpre ris0 ;md!;a This technique, however, depends 

on individual: ii^ami^^^^ achieves, accept^^ results mostly in cases where there is 

^ a cornbiiiationSpf^^ iaiiid li^ skin. For individuals having light hair, a carbon 
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lotion can bie ap]§lie4^^ p^ to the irradiation so as to facilitate absorption of the laser 
energy, bnit tt^s ^improvement does not provide satisfactory results. Even optimal 
candidates witibi dark hair and lig^^ suffer from 40 - 80 % hair re-growth after 12 
weeks. Moreover, the laser technique heis severe side effects such as irritation, change 
5 of the skin ipigitnentatiori and some times scarring. 

In the :intdiise pidse filtered light energy is converted in the 

dermis toiheaband^ a^ lo destroy the hair structures and impair 

hair re-grp\^£: much larger spot size than traditional laser 

techiiolog3^^iehQe:C^ treatment area faster and in fewer sessions. On the 

.10 other hand; inj^^^ aijeas of the skin are in danger: of developing side 

effects such as &^ ittj^ury changes. Some extent of relief to the 

skin can bp prpyided by; e^^ the duration between successive pulses of light. 

However, long d#ation be^e inevitably reduces the effectiveness of 

treatment becausb i^^^ hair follicle to cool. 

15 U.S. Patent. Noj 4^5^ discloses the application of radiofrequency waves 

to the hair aty^. fr^ that the hair impedance to radiofrequency 

energy Gondubtion is sixbst^ than at other radiofrequency frequencies. 

Generally sp^iakingV lie main principles of this technique consist of finding and 
selecting a radiofrequency resonant frequency for a given hair to reduce its 

20 impedanc0^ .sv^Q:fh^ resonant frequency varies from hair to hair. Another technique, 
disclosed m IJ^^ S ;^a&^ consists of a pre-rtreatment of the hair prior to 

. applying decfro^ fher<Bto. This pre^eatment niakes the hair more 

receptive to the elect^^ prior to its reaching the root of the hair. 

InteriMo^ Nos. WO 01/13757 and WO 01/033991 

25 disclose hair teiTQOval a hair to be removed is subjected to low 

frequency vibratipn$:': l^ frequency vibrations are transmitted to the hair root 
either ^myu^i^^ or by irradiating a treatment zone (WO 

01/033991) fiuScl e^ cause the rpot to disconnect from the surrounding 

tissue. 13ie. jcUsco to relatively large vibration amplitude (tens 

30 of micrometers to a fe depending on the vibration generator) of the hair 

shaft. WD Oi/13757 and WO 01/033991 recite a frequency range of four orders of 
magnitude (iC that the preferred vibration frequency is in 

the sub ktlohiertz^irl^ major drawbacks of this technique: first, the 
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low freqiimcy of ike \abrations results m a poor absorption of energy by the hair shaft 
and generation of heat within the hair shaft; and second, the large vibration amplitude 
weaken, the hair shaft ah ability to effectively transmit waves to the hair 

root .. ; " • - 

5 hiternationsi P^^ discloses a 

technique for thexemipval of iihdesired hair by utilizing ultrasonic resonating waves at 
a freatmeht zone a clo$6 proximity to the hair to be removed. 

Mem^S^ discloses a 

technique fb^ hair by utilizing ultrasonic forces. The 

10 technique inv^lA^es - the^^^^^^ a focused ultrasonic beam having jan acoustic 

focal pbirxt ini^hic^^ is smallest and the intensity of the beam is 

the highest rCt irradiated through the skin, it penetrates through 

the skin layers and its focal point reaches the papillae. The 

parameters of ; the ibeam : a^ the intensity per unit area on the skin is 

15 sufficiently smaliitt^ the skin above the papillae, wliile at the focal point 

the ultrasprdcfenerg^^ enough in order to destroy living cells. WO 

00/21612 rieciit^js a tto range of ultrasound frequencies (20 kHz 

to 25 MHz)^ biif fea^ches fliat flie preferred ultrasound frequency is in the range of 3000 
kHz to 7:000 1^tiz^J0oy^Gy:Gr^ as such high frequencies are highly absorbed and poorly 
20 guided by the: jia^^ inaterial, the ultrasound waves have to be precisely directed 
onto the hair focal point of the ultrasound beani from the 

hair rbbf y^ll^esij|t^m^^ and unnecessary pain to the subject, 

WO OO/lie/l^^s^ of ultrasound radiation using the hair shaft 

as a wave giid^^^^^^^ generally from IMHz to 50MHz and 

25 . specifically fr^^ At such hi^ ultrasound frequencies the rate of 

energy abspr|>tibn;>^^ energy transport through the hair into the 

. follide. :A4di^^ generation of cavitations within the hair 

root, hy irtadii^^ a frequency range of IkHz to 5MHz. 

The ul1xasQtirWi§^ the hair root through the skin. Other 

30 embodimeiits)3r0i !d^ of hair by resonance force and 

torque resultmg ih fa^^ in the follicle, using ultrasound waves at a frequency 

range of IkH^ijto 2MHz to 5MHz. 
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Intematidiial Patent^^^ Publieation No. WO 02/09813 discloses a 

hair removal metiiod in whiich the area from which the hair is to be removed is struck 
by idtrasomc waves-: tintilyt^^ of the tissues is raised-as a result of the 

absorption of tfiejehergy carried by the ultrasonic wave-to a degree sufficient to cause 

5 damage to. tji0;h^air:fdlH^ Similady to WO/0021612 as described hereinabove, WO 
02/09813 teaefies &g:t; the should be focused, so as to obtain a focal 

spot with lateral ;dim^ of a few tenths of the millimeter and a 

longitudinal eictensipn The small focal spot has to be precisely 

directed oiitolhe^f^^ the desired destruction, 

10 lutem^ipjf^ i^pplicatibn Publication No. WO 03/065347 discloses a 

naethod pf^tr^^ focused beam of ultrasonic vibration. WO 

03/065347. eirijilQ^ which focuses the ultrasonic vibration at the 

treatment zon0^:^:rt^^^^^^ 

U S. jM^A^ Publication No. 2002/0165529 discloses a method of 

15 treating subci^ai^eot^^ achieve a therapeutic effect of hair removal. The 

therapeutic efifectfcto be mhiQVQd by delivery of ultrasound energy to subsurface 
tissue. Two or -more elements are positioned in an array in a 

inanner isuch ^at^lh^ir r^siiltihg output constructively interferes and focused onto the 
desired subsuj&cdlqbati . 

20 hiterhation^i P^^ Application Publication No. WO 99/029245 discloses a 

method of permffien^^^^^ method that includes two treating stqps. In a first 

step, ultrasoun^i^S v^^ ions into the skin and around the hair 

follicles, and aits^^ potenti^es the destructive chemical reaction between the 
alkaline ions aOad ffi^ radiant energy in the visible region. 

25 US: Patent- N^ .6^544,259 discloses a hair removal method in which radio 

frequency radiati a selected skin zone so as to destroy the hair follicles. 

Subsequently,' M the skin zone to shake up the hair with 

the destroyed ^pUifcle and to the tmion between the hair and the skin zone 

and rmderl3dng: a^^ 

30 US vpaMt l^o;^^^ a method and apparatus for long-term 

removal of ^a& bj^tra^ energy to a needle passed through the skin 

into an mdividhai^^ The resulting cavitations within the area surrounding 

the hair follicle caU^ses |h!e hair follicle to be disrupted. 
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Additional prior art teac^ use of ultrasound for hair removal include 
Japanese Patent Nos/ JP 2001029126 and JP 8154728. 

The pre$eiit inveri1idn provides solutions to the problems associated with prior 
art hair rdmovjal teciim^^ 

5 - '. -V/^' J " ' \ 

SUMMARY QF THE INVElSTTION 

The prior art fails to provide a hair removal method in which the transmission 
of acoustic w;ayes through the hair shaft generate sufficient heat to destroy the hair 
root. 

10 Althpu^^ the prior art redtes the use of acoxxstic waves for removal of 

unwanted liair^ the prit)t\ sbct fails to provide a range of frequencies which is suitable to 
effect a transmlssi^^^ waves through the hair shaft into the follicle. 

AdditionaUy, the;p art fails to teach how to effectively couple the acoustic 
waves and 1he iair: shaft;:s as to allow the transmission of the acoustic waves through 
15 the hair shaft. ^ ■ ■ 

Furtheimore^ the j)^ art fails to provide a hair removal method in which the 
transmission oif acoustic waves through the hair shaft is improved by minimizing 
vibration of th^ hair haft. . 

K is therefore the- object of the present invention to provide a method and 
20 device for hair! xemoyal via effective transmission of acoustic waves through the hair 
shaft ^ least into fh^ 

: It is fur& object of the present invention to provide a method and device 
for hair renioi^al r^^^^ waves generate sufficient heat to destroy the 

•• ' hair root- - i^i-'' • 
25 ' It is fo^ present invention to provide a method and de\dce 

for hair rempy^ iia^which the cpuplm^^ between the hair shaft and the acoustic waves is 

enhaiicedi .v -'/i 

It is ftur^ object; of the present invention to provide a method and device 

for hair removM ill whic of acoustic waves through the hair shaft is 

30; improy^ by itdn^^ 

iiiu^, ^^&cpr(iin^^ aspect of liie present invention there is provided a 

inethod of tte^ting meihod comprises: transmitting acoustic waves 

through the hffi-. so: as to generate heat at a follicle, a dermal papilla, a hair bulge 
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aod^r a gprnjma^ hair. According to a preferred embodiment of the 

present inven^^ to damage and^r destroy the follicle, 

the demiat4)ai)il]^^^^ and/or the germinal matrix. 

Aceord^g^t the present invention there is provided a 

inethod of treating to :The method comprises gripping a segment of the 

hair and traiiisniil^ the hair, wherein a length of the segment 

of the hmr vSj&lected sb' .as t6 ehhance an acoustic coupling between the hair and the 
acoustic waves. 

Accordiiig td an additional aspect of the present invention there is provided a 
method of trealwg unwanted hair. The method comprises transmitting acoustic waves 
throiighthe^h^/^^ least one d£ a frequenc)^, a power density and duration of 
transmissioh of ti^er ^cduisti waves is selected so as to rninimize vibrations of the hair. 

Acpprdidg^ in preferred embodiments of the invention 

described belo^, ^th^ frequency, power density and duration of transmission of the 
acoustic waves 13 , selbcted so a^ longitudinal vibrations of the hair. 

Accordmg:^to stilt a^ aspect of the present invention there is provided a 
method of treaimg xm^anted;^^^^ The method comprises transmitting acoustic waves 
at a frequency:<)f^09a about 150 kEiz to about 1300 kHz through the hair. 

According; to in preferred embodiments of the invention 

described below, Jtitemethod'f^^ comprises using a wave condenser for condeusing 
the acoustic .w^yes, pii:pr to the transmitting of the acoustic waves through the hair. 

According to s^^^^^ in the described preferred embodiments the 

gripping comprises^^^ p^^^ the hair and/or the wave condenser such that a 

propagation 4&§pl^ while entering the wave condenser is 

generally parallel f0 a lojtigitudinal axis of the hair. 

Aecordm|;^ features in the described preferred embodiments the 

gripping; coiri^^ the hair and^r the wave condenser such that a 

propagation ;4irecfe waves while entering the wave condenser is 

generally peii^en^^ axis of the hair. 

Accord|ngH^ features in the described preferred embodunents the 

grippin^g compn^e^^^^^^^^^^^ thq hair and/or the wave condenser such that a 

propagation dneption^^ b^^^ while entering the wave condenser is 

generaUy indiii^ longitudinal axi^ of the hau% 
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Mcor^^ features in the described preferred embodiments the 

method fuilh^ cc^ the hair prior to transmission of the acoustic waves 

so as to enhance acpnstic^^c^^ between the acoustic waves and the hair. 

Aceor#ig lt0 further features in the described preferred embodiments the 

method fuil^ so as to effect a detachment of the hair. 

Axx^rife features in the described prefeanred embodimmts the 

generation of :|h^^^ at the follicle, the deraial papilla, the hair 

bulge ahd/oT: results in a temperature increment of at least 
20 degrees cehtijgr^dei more preferably at least 30 degrees centigrade, most preferably 
at least 40 degrees cenfigrade. : 

Accor^irig to sti^^^^ features in the described preferred embodiments the 

acoustic waYe]|:GQih^ waves. 

Accor^l? features in the described preferred embodiments 

duration of txdhsM is less than about 5 seconds. According 

to still fipfKj^ embodiments duration of 

transnussion of thd. acp^^ is less than about 1 second. 

Ac<km^^ asjpect of the present invention there is provided a 

device for treating uhw:anted:^;^^ the device comprises: a transducer for generating 
acoustic wayes;. a wave condenser for condensing and transmitting the acoustic 

waves through the hair so as to generate heat at a follicle, a dermal papilla, a hair bulge 

and/or a gertriin^^^^^ flie heat being in itself sufficient to destroy the 

follicle, the deaimal^^^^^ and/or the germinal matrix. 

AccoMirigv^^ of the present uweution there is provided a 

device for treaty device con^rises: a transducer for generating 

acoustic wayes- ;Mdf a>^^ for condensing and transmitting the acoustic 

waves ifliroug^^ condenser being designed aixd constructed to grip 

the hair alon^;|:^0|gm wherein the length of the segment is selected so 

as to enh^ce ^oiistic c6 between tl^ hair and the acoustic waves: 

Accoi^g^^ aspect of the present invention there is provided a 

device fox IXGB^m^ the device conaprises: a transducer for generating 

acoustic waive^; an<l :a for condensing and transmitting the acoustic 

waves linx]^ one of: a frequency, a power density and 

duration of traii^nuss^^^ waves is selected so as to minimize vibrations . 
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of the haki Abc^f^ing to features in preferred embodiments of the invention 

described belcOT^ Ai^^i^^ of longitudinal vibration. 

Ac^pT^ltig; of the present invention there is provided a 

device for treaji^ the device comprises: a transducer for generating 

5 acoustic wav6^ at a about 150 kHz to about 1300 kHz; and a wave 

condenser for coiidiEiasing g^^ the acoustic waves through the hair. 

Accordingr to further features in preferred embodiments of the invention 
described .Wpw^. the wave condenser is designed and constructed such that a 
propagaiion direction, of the acoustic waves while entering the wave condenjsier is 
10 generally par^lel to 

According to still ftulher in the described preferred embodiments the 

wave condenser is designed and constructed such that the propagation direction of iiie 
acoustic waves while entering the wave condenser is generally perpendicular to the 
longitudinsd . axis^ 

15 According- t^ stiU^ features in the described preferred embodiments the 

wave condetis% i^ .de^gaeid^a^ constructed such that the propagation direction of the 
acoustic wav€^s. w ehtering the wave condeiiser is generally inclined to the 
longitudinal ajdis of t3h^ h^ 

Accordihj|>t6 stiU fip^ features in the described preferred embodiments the 
20 wave coiidenis% is^ designed arid constructed to grip the hair so as to enhance acoustic 
coupling betv^^eeii the acoustic waves arid the hair. 

According to still further features in the described preferred embodiments the 
acoustic coupling is characterize by a coupling length selected such that the heat at 
the follicle, the dermal papilla, the hair bulge and/or the germinal matrix results in a. 
25 temperature iricremerit . of at least 20 degrees centigrade. 

- Accoi^l^^ further features in.the described preferred embodiriients the 
coupliiiglengt^ According to still further features in the 

described pref^p^^ %^ th^e coupling length is shorter than about 6 miri. 

Accapiif^^ in the described preferred embodiments the 

30 transdiucer ancJ^ designed arid constructed such the heat at the 

follicle, ihe /d^r^^ hmx bulge and/or the germinal matrix results in a 

temperature increment of iat least 20 degrees centigrade. 
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Atocordiii^^/s i^ttures in the described preferred embodiments at 

least oiie of: and duration of transmission of the acoustic 

waves is select^d^^p as tbr tniii^ longitudinal vibrations of the hair. 

According to still further features in the described preferred embodiments the 
frequency, th^ pp wer den^^^ tbe duration of transmission of the acoustic waves 

is selected such th^t a amplitude of the longitudinal vibrations of the hair 

is below lO. nucronieters. 

Axjcor4u?g:*o sti^ ffeatutes in the described preferred embodiments the 

frequency is aal offrresonpnce frequency. 

According to still ftuUier features in the described preferred embodiments the 
transducer a>mprises a first part and a second part, where each of the first and second 
parts comprises at least ohe active element. 

Accprdmg to stiU fu^ features in the described preferred embodiments the 
wave condedis^: CQ^^ part coupled to the first part of the transducer, and a 

second part corg)!^^^^^ part of the transducer, 

According to still: fi^^ features in the described preferred embodiments the 
transducer is oti ultra:sound tr^nsdncer generating ultrasound waves. 

According to still fu^ features in the described preferred embodiments the 
transducer comprises an active selected from the group consisting of a 

piezoelectric ceraniic element, and a piezoelectric composite element. 

Accordia^^^^to^ features in the described preferred embodiments the 

transducer conipns.e3 a platnai- .a^ element 

According: to still further features in the described preferred embodiments the 
transducer cpniprises a concaved active element. 

According :tQ still :^f^ features in the described preferred embodiments the 
transducer e6n|prises a pli^^ of active elements arranged on a surface. 

According to; still further features in the described preferred embodiments the 
surfaceisaplahe;^^^^^^^^^^; • 

Accpr4i^i^;tp^ s^ in the described preferred embodiments the 

surface is a co%5av^d s 

Accor|ui^M features in fhe> described preferred embodiments the 

device &rffi(Bi^:0^ element coupling the transducer and the wave 
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condenser^, the focusing element being designed and constracted to focus the acoustic 
waves into the waye condenser. . 

According:to still further features in the described preferred embodiments each 
of the wave condenser and the focxiising element comprises a first part and a second 
5 part, where the &st and secohd parts of the focusing element respectively couple the 
first and secohd^^arts. of ih^ teansc^ and the first and second parts of the wave 
oondensea:, 

According :tp still fiirtiier features in the described preferred embodiments the 
focusing elemenfccbmprises a tapered housing. 
10 Accordmg >to ;stilL |^^ in the described preferred embodiments a 

profile of thQ : toper housing is selected firom the group consisting of a stepped 
profile, a linear profile:, a segmented linear profile and an exponential profile. 

According to still^^J^^ features in the described preferred embodiments the 
device further: com^ elements arranged such that each 

15 focusing element focusing elements is connected to one active 

element of the plurality o^^^^^ and being designed and constructed to focus 

a respective portibh of the a into the wave condenser. 

According to .stiU- to features in the described preferred embodiments the 
wave condenser configured to receive the hair such that energy 

20 of the acpustib^wayes is Irajpisferred to the hair firom a plurality of radial directions. 

A:Cci3rdh^ features in the described preferred embodiments the 

chamber contains $n.u^ gel. 

According ;tQ; still feaftpres in the described preferred embodiments the 

wave condenser coniprises a surface characterized by a radius of curvature of firom 
25 about 1 millinietertoj^^ 

A:9Cording to still further features in the described preferred embodiments a 
shape of the siorfacp is selected firom the group consisting of a sphere, a cylinder, an 
ellipsoid, a:pajr^b0tpid,\a hyjperboloid and any combination or portion thereof. 

AccOT<%ig;^ s^ in the described preferred embodiments the 

30 wave coiideng^i^ bper^ to form a gap for receiving the hair. 

According • to stili^^^ features in the described preferred embodiments the 

wave conder^^t?Md' th^e Ixajtisd^ op^able to split thereby to form a gap for 
receiving Ihe hair 
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Accor4iii& to still features in the described preferred embodiments the 

wave condenser and at ^1^^ of the transducer and the focusing element are 

operable to split .^ereby tQ fotm a gap for receiving the hair. 

AccxHdilig features in the described preferred embodiments the 

device furthe^ ceinp^ mechanisni for imparting a motion of the wave 

xjoiidenser i^a&^ 

According; t^^ features in the described preferred embodiments the 

wave condeniser is ;6per^^^ split and reassemble in a maimer such that 

whea the wave cxindehser spl^^ hair engages the gap, and when the wave 

condenser is reassiembled^ hair is gripped by the wave condenser and irradiated by 
the acoustic:waves^ ^ 

Accprdirig tp^ s^^^^ featores in the described preferred embodiments the 

drive mechamsm is configured to impart a rotary motion to the wave condenser. 

According to still fuilher features in the described preferred embodiments the 
drive mechamsm vis cpn^ a reciprocal linear motion to the wave 

condenser.,, .V^ .kM''^- y ^ 

Aceprdmg tp;.s^^^ in the described preferred embodiments the 

device fiju^flier cp!^^ jd^pturer, operiatively associated with the wave 

condenser, fpp^aplw^ 

Accofdinjg to stilirfq^ features ia the described preferred embodiments the 
hair capttirer fer beie<^ gitmp consisting of a brush, a net and a clamp. 

Acbprdmg^tp^^ features in the described preferred embodiments the 

hair captuf^ is^-^^i^^ with an ultrasound transmission gel. 

According to ^still^Tfij^ in; the described preferred embodiments the device 

further comptises the nltrasoimd transmission gel. 

According to iStiU ft in the described preferred embodiments the 

hair capturer is pp^rab^^ hair so as to effect a detachment of the hair. 

Accordiii^ tp s features in the described preferred embodiments the 

ultrasoimd wa^es.^ at least 150 kHz. According to still further 

features in fibiQ.^^ :^^ the ultrasound waves are at a 

AccqdM^ features in the described preferred embodiments the 

xiltrasoun4^%iv0^ of fixjm about 150 kHz to about 1300 kHz. 
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According sti^ in the described preferred embodiments the 

ultrasound waves are at a frequency range of from about 500 kHz to about 1000 kHz. 

According |p: still flu^ features in the described preferred embodiments the 
transducer is c^)nfij^ed to generate the acoustic waves at a power density of at least 1 
watt per squar^ ^i^im preferably from about 1 watt per square centimeter to 

about 100 wa|tp persq^^ 

The pres(ii^ addresses the shortcomings of the presently 

known config^^t^onis by providing a method and device for removing hair, which 
enjoy properties iar exceeding the prior art. 

Uiilesa olhenvise defin all technical and scientific terms used herein have 
the same meaning £is donampnly understood by one of ordinary skill in the art to which 
this invention belongs. Although methods and materials similar or equivalent to those 
described herein eah be used in the practice or testing of the present invention, suitable 
methods and;\ n&^ described below. In case of conflict, the patent 

spedfication^ inc^udi^ control. In addition, the materials, methods, 

and exainjdfes'a^ and not intended to be limiting. 

BRIEF DEScMcii^ THE DRAWINGS 

^ ' — ■■ 

Th0 in^mjfciori is. h^ by way of example only, with reference to 
the accpmpanydj^ With specific reference now to the drawings iii detail, it 

is streissqd thM are by way of example and for purposes of 

illustratiy^^^i^cu^^ of the present invention only, and 

are presented :in.^^ what is believed to be the most useful and 

readily /under^toQd of the principles and conceptual aspects of the 
invention. Ih fhis regard, ho^ a^^ is made to show structural details of the invention 
in more detail IhM is nec^^ for a fundamental understanding of the invention, the 

description tal^m^]^ making apparent to those skilled in the art how the 

several forms 6f |K0^ j^^ be embodied in practice. 
- In the drawm^ V: 

FIG;; l5:i&^^^^ a method for treating unwanted hair, according to 
various ex^nopl^^lei^ 

$6Ufk^;S(^ of a device for treating unwanted hair, 
according tor^^ 
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FIGs. 3a-b are schematic illustrations of a wave condenser, in a preferred 
embodiment in wiiicli the propagation direction of the acoustic waves, while entering 
the wave condenser is generally p^allel to a longitudinal axis of the haii^ 

FIGs, ^a^b a^^ schematic illustrations of a device for treating unwanted hair in 
5 a prefOTed : eihbpSito^ which the propagation direction of the acoustic waves, 
while entenng,:fh^, wave^^^:c^ is generally perpendicular to the longitudinal axis 

of the hair; ' . 

PIGs; ^a-d are schematic illustrations of different possible shapes for a tapered 
housing of a focuising elenient, apcording to various exemplary embodiments of the 
10 present inyentibi^^^^ 

FIGs: ^6a-h aire schenxatic illustrations of an acoustic waves transducer and a 
focusing elenient, according to various exeinplary embodiments of the invention; 

FIGs. 7a-c are schematic illustrations of a device for treating unwanted hair, 
which comjprises a icair capturer, according to various exemplary embodiments of the 
15 invention; / 

FIG, 8; is. illustration of a simplijaed model of the geometry of the hiair, 
according to y^QUs^e^^ 

FIG: 9yis^^;^ treated by ultrasound waves, 

accordiiig to various exettiplaiy e^ of the invention; 

20 FICj. to; s^^ of the hair shafts as a function of the coupling 

length; ^ . ' 

FIG. 11 is .kn^, iiifrared:^im of hair shafts and hair bulbs treated by ultrasound 
waveis, accordiiig to yario^^ exemplary embodiments of the invention; and 

FKjsv I2a-c: are o^ microscope images comparing hair bxilbs before 
25 (Figure I2a) and ^fter (Figures 12b.-c) treatment by the ultrasound waves. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Ilie pi3^e^^ invention is of at method and device which can be used for treating 
mwanted haiT; or hair3. Specifically, the present invention can be used to destroy hair 
30 roots sio ais re-growth of hairs thferefibm. The 

preseiit mveritxion^^^^^^ remove hair from hair covered surfaces 
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The principles and operation of a method and device according to the present 
invention may be better understood with reference to the drawings and accompanying 
descriptions. 

Before ^xplaiiiing^^a^ least one embodiment of the invention in detail, it is to be 
mderstood th4t :l3h^^^^ is npt limited in its application to the details of 

constnictiori aiid^^ components set forth in the following, 

description 6j^?ii^^ drawings. The invention is capable of other 

embodiments xifrvo^^ or carried out in various ways. Also, it is to be 

understood th^t the p^ terminology employed herein is for the purpose 

of description and should not be regarded as limiting. 

Refening now to- 1^^^ drawings. Figure 1 is a flowchart of a method for treating 
unwanted hai% according to^ a preferred embodiment of the present invention. It is to 
be understood thk^ defined, the method steps described hereinbelow 

can be executed either contemporaneously or sequentially in many combinations or 
orders of execution: Specifically neither the ordering nor the nxwnerals of the 
flowchart of Rgq^e 1 are fb be considered as limiting. For example, two or more 
method steps, appearing in the following description or in the flowchart of Figure 1 in 
a particular oM^- can be executed in a different ord^ {e.g., a reverse order) or 
substantially pontempdtfahp^ 

The me^ 10 and, optionally and preferably, continues to step 

12 in whiqh tii^ h^^^^ The gripping/capturing is for the purpose 

of enhancipg^^ci^ between the hair and acoustic waves transmitted 

therethrough ill a ;][ater step (see step 14 below), and can be done using any device 
known ia the ^,;e^^^ a brush, a; net, a clamp and the like. 

The method contmues to step 14 in which acoustic waves, e.g.^ ultrasound 

waves, are fransnutted through the hair. As demonstrated in the Examples section 

that follows, the energy carried by the acovistic waves can be delivered to the hair root 

through the ha|c shaft, tt^ exemplary embodiments of the present 

invention seryes vjas^^^^^ a^^ acoustic waveguidei The propagation of the acoustic waves 

through thd l^ ii^ movement of particles along the 

^^^V^ 1^^^^ ai wave of local compression and tension stresses 

propagali^ 
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Step 14 is preferably executed such that a sufficient amount of heat is 
generated at the folliQle, dermal papilla, hair bulge and/or germinal matrix of the hair. 
The heat by itself is preferably sufficient to destroy the follicle, dermal papilla, hair 
bulge and/or germinal inatiix. 

5 The ttaaistmssioh :of Acoustic waves according to the teachings of WO 

01/26735 is insuftiBient /t^^^^^ damage tissue in the follicle. In sharp 

distinction, as fur^ in the Example sfection lhat follows, the present 

invention succfssfiiUj^^^ 

As used Kerein, destruction refers to hyperfhennia, necrosis and/or any other 

10 damage to ih6' bdUs^^^m (dermal papilla, hair bulge, genninal matrix, etc.) 

which, at least temporarily,^^^^]^^^ prevents the re-growth of the hair- 

The preverttion of xe-gro\^^ for a prolonged period of time, for example, 

for more than a mbnfh^ prefSna^ for more than six months, more preferably for more 
than a year, most preferably permanently, 

15 According to a, prefeired embodiment of the present invention the generated 

heat results in a temperature , incrptnent of at least 20 ""C, more preferably at least 
30 ""C, most preferably at least 40 ""C. Such heat in itself is sufficient to at least 
temporarily, ^ireifef ably ;p^^ or at least damage the follicle, dermal 

papilla, hait l^Tilge;^d^^ g^iiim matrix. It is recognized that when the temperature 

20 of the soft 1is§iiie /pr^^ reaches hi^ levels for a sufficient duration, a 

phenomenon ted:vin;i as "|)ro^ deiiiteiring" can occur, resulting in a necrosis of the 
tissxie. ; ';^} ; 

By utilizih^ hai^ as a waveguide of acoustic energy, the present 
embodiments arC; sensitive and/or fully insensitive to several physiological 

25 parameters of the treated perso;a include, without limitation, skin color tone, hair color 
tone and level ;of contrast b6f\^ color tone and hair color tone. Prior art hair 

removal techmqires m^ of other, energy types (e.g--, light, laser, 

electromagnetic radiation, ra^^^ radiation, X-ray radiation) are significantly 

sensitive to sUbh color tohQ paranaeters. Thus, the present embodiments have the 

30 advantage of treating sigiHficai^^^ larger populations comparing with such other hair 
removal tediniq^ Vv^^ the present embodiments are suitable for 

individiials with skin^idn^^^ individuals with very light hair tone, and individuals 
with imimnal 
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ITie present embodiment advantage of the proximity of the dermal 

papilla, hair bulge and germinal matrix to the hair shaft. In particular, this proximity 
is exploited dxmng the hair Anagen growth phase, whereby acoustic energy 
transmitted throu^ the hair shaft as a waveguide, is converted into thennal energy in 
the follicje, dernial papilla, hak bulge and germinal matrix. When integrated within 
the hair bas^^ a^ the very small volume of the dermal papilla, 

hair bulge ipdlig^iM of cubic microns), a rapid and short 

increase in Ili^:,:|6mperafe a result of absorption of acoustic energy, timely 
elevates the gienef ation ijf sufficient thermal effects, sufficient enough to cause the 
desired destrnqti^n, of cells- I^^^ the thennal effects are sufficiently short in 

their duralibn,-s^ as to s^ the folUcle, germinal matrix, hair bulge 

anxl^r dmnali;p$pilla; with or no damage to other soft biological tissues 

surroundiQg the follicle or ^ti^ will be appreciated by one ordinarily skilled 

in the art, the combinatidn^^ o^^^^^ and use of the hair shaft as an acoustic 

waveguide ^lows the s^^^ daiiiage to the cells in the follicle substantially withoxit 
damaging btiier important tissues and sub-organs surrounding the hair shaft and bulb. 

The par ainet^^^ of the acoustic waves may be adapted according to one or 
more of the folloipmg physiqlogicai jparameters characterizing the person and/or body 
organ being trea|e^:'l^ (Anagen, Categ^ or Telogen), . depth of the 

hair base mider the ^^s^ hair base and papilla, total hair length 

(under :an4 a^^ angle, hau: color, hair diameter, force 

requuedvtQ d^acH vital untreated hair base, force required 

to detach a h|i^^^ treated hair base, and force required to detach a hair 

from fixlly Jreaied^gt^ mailMally destroyed hair base. 

Once cells are destroyed, the method, optionally and 

preferably coq^ii^ stbp 16.in wi^ hair is pulled so as to effect a detachment 
of the hair. done , so as to detach the hair shaft fix>m the 

follicle, or, jnop j^r^a^ to. detaoh the hair shaft and its inner root sheath fixxm the 
follicle. / ' . , 

Accofdmg to of the present invention the transmission 

of acoustic wj^yps 1^^^ in .^ manner such that the acoustic waves impinge on a 
particular-^teg^i^ particular segment and propagate thix>ugh 

the hair syiph lyajp: s^^ an acoustic waveguide. In various exemplary 
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embodimeiits <>f ^^^^ acoustic couplitig between the acoustic waves and 

the hair is not point-like coupling. The acoustic coupling is preferably characterized 
by a predeteiiiii4ed couplmg length, A, which can be, for example, the length of the 
particular segt^ietit onto, w the acoustic waves impinge. The coupling length can 
be defined, for exanlple, ip the gripping step, whereby gripping a longer portion of tifcie 
hair shaft corr^jQMs to W longer coupling length. 

As wripllt^^ one ordinarily skilled in the art, the corq)ling length 

correlates yMpih^^^ (ini the fiarm of acoustic waves) transferred to the 

hair shaft. % mm^^i^^^ of the present invention (see Figure 10 in the 

Exaniples ;3e<^6%te thai the temperature increment at the tissue of the 

foUicfe 6itG<^ length. 

Thus, ::m^s^^ the prior art (see, e.g., Intemational Patent 

Application 1n|os|^ 02/09813), wh^ focused ultrasound beam 

is directed, .sii|st|j^ present embodiment employ a non point-like 

coupling.' ; "^^r- <■''' -^r/^'y,. 

Thus, ;^LGpbrd^ embodiment of the present invention the 

coupling lengfli :k^ :s4^iQd such that the generated heat results in a temperature 
increment of: 2p ;^:4^^^^^ is preferably achieved by a coupling length of above 

Inam, niore^^^ hi various exemplary embodhnents of the 

invention ;tl3C (^ below 6 nam. A typical value for the coupling length 

is about 5 tnwti i : : 

As usei|li^ to ± 10 %. 

^^^en^a^ matter, the energy carried by the waves can 

be absorbed by, ; r^ectfed;^ through the matter. The ability of a 

waveguide to ;:franisniit^W^ characterized by a transmission coefficient, 

which correspond tii^ j^actio of energy being successfully transmitted through the 
wa?v^guia^^V5^^ As the treatment of the hair is 

essentidly by guH^ the hair shaft, the effectiveness of 

the treatm^nt^e^ on flie. tramtnission coefficient of the hair shaft, where larger 
transnodssipn poeffitiieM coirresponds to better efficiency of energy transfer through the 
hair shaft to, the: e^lls in th^ . • 

It i& wheii a:coustic waves interact with an object (a hair shaft in the 

present ca3si^^f|l^ at. amplitude which depends on the frequency 
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of the apoustic; waves aM n^:fcu^ of the object (the natural frequency of the 

object d^rid| pn ^ of the object, inchiding, material, structure, 

geometry and the 31ie- acoustic waves serve as a time-dependent external force 

acting on the object and compensating the energy lose of the object to the 
environraent: the object to the interaction with the acoustic waves is 

typicaUy descnbed xising a fr curve, which is a graph representing 

the vibrati.on amplitude of the object as a function of the frequency. A particular case 
in which the frequQn^^^^ equals the natural frequency of the object 

is called a Jesic^a^ Typically, at the resonance, the response curve has a sharp peak 
nearthe^resbnMqei^ 

It %as;i^^tffiwi of the present invention that longitudinal 

vibration of ^ttSie^^^ decreases the ability of the hair to transmit 

energy to the fplKcle, L^^ of the hair, besides weakening the hair's 

strength, damp the stress along the hair, and, consequently, 

decrease its tr^^ When the amplitude of the longitudinal vibration is 

extremdy ^^Jg^ qases of vibrations at, or dose to, the resonance 

frequency), the h^ shaft may collar and completely loose it ability to transmit the 
energy to the follicle, 

Addition^aiy^ . too large lon^ vibrations of the hair shaft may lead to 

generation of traiisyei^^ Although being smaller in amplitude., relatively to 

the IcMigitux!^^ recognized that transverse vibrations of the hair shaft 

are very pfol?]^^ vibrations contribxrte to loss of energy to the 

tissue siMio the root A byproduct of such 

energy loss is i^^^^ form of heat to tissue surrounding the hair 

shaft, ^.ry...:;^ ;.. ' 

llius, acGprdiiig to a preferred embodiment of the present invention, the 
frequencj^ poiv^?:^ of the acoustic waves is selected so as to 

minimize vibratiOT^^ Siaqh minimization can include the minimization of 

longitudinal ^(i?or^^ tt Preferably, the above acoustic waves 

parameters are selected so as to minimize longitudinal vibrations. Most preferably, the 
longitudihal vijiira^^ are mininiized such that the transverse vibratioti are inherently 
reduce^, in shiarp distinction to the prior art in which the general 

trend is to geji^rate^^^J^ vibrations in the hair shaft (see, for example. 
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Iiitemational P 01/13757 and WO 01/033991, where 

vibrations of at least tens of ini(^ are used). 

The cliaa:actmsti of the longitudinal vibrations of the hair is 

preferably belpw^^^^^ 1^ preferably below 5 |Jim most preferably below 1 |Jim. 

5 Small longitudin^ Vibrations can be achieved by selecting an off-resonance frequency 
for the acdustie wayes^^ ' 

It was .fbtind by tjie Inventors of the preset invention that energy absorption 
by the hair sh^ft at low ultrasound frequencies is quite poor, and no effective heating 
of the follicleican; b^^ wiliiout causing overheating arid damage to a large 

10 volume of fesue'j^^^ shaft and the follicle. , On the other hand, at high 

. ultrasound fra^queiidies l^ere^^^^ a high level of energy absorption by the hair shaft 
leading to overheating of J^^ shaft such that the hair shaft is damaged, destroyed 
and/or brokeniahH ho effective transmission of energy to the follicle can be sustained. 
As staied m- t^^ above, several prior art documents (see, 

15 e.g,, Ihtematiphal^^^E^ WO 01/033991 and WO 00/21612), 

recites extcemdly w^^ ranges (3-4 orders of magnitude), which inevitably 

include both low; frequencies for which there is an insufficient level of heatiag 
efficiency of &efoUicie due to low absorption, and high frequencies for which there is 
an insuffident - level of transmission efficiency to the follicle due to over-absorption. 
20 According, to-: a :]^^^ embodiment of the present invention the frequency is 
selected to allj5 acoustic waves Ito and energy absorption 

by the fbllicler:;^ a preferred embodiment of the. present invention the 

. freqiiency is *^^ more preferably at least 500 kHz. Typical frequency 

ranges includ-ej^mfh^ from about 150 kHz to about 1300 kHz, and from 

25 about 5Q0 kH&to 2^ When the hair shaft is supplemented by reinforcing 

chemical additives,;: i^^^ can be larger than 1300 kHz. 

In vaHous ex^rajpl erabodiments of the invention the duration of 
. transnaisision pf ^^^^^^^ is less th^ 5 seconds^ in other preferred 

embodiments tiban 1 second, say about 10-100 milUseconds. As 

30 stated, the heat gen^^ of the hair follicle results in a temperature 

increment which^ IS sufficient to cause the aforementioned damage or destruction. As 
fiMlher e^sLplained m ExampleS:Sectidn that follows, absorption of a few milliwatts 
of powCT in f^^^ increase the temperature to the desired level. Thus, in 
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various exeini^^^^^^^^ 6i the present invention, the acoustic waves are 

generated at a'^d^?^ that the absorbed power in the hair bulb is 

at least 1 injair#^ not obhgatorily, not exceeding about 10 irdlliwatts- 

Jjx various exettiplaiy embcidiihejnts of the invention the desired absorbed power in the 
5 hair bulb is ;£idiieye4.usiiig^^^ acoustic wave transducer operating at a power density 
of from aboiit:! - Waft per square centimeter to about 100 watts per square centimeter, 
say, a few watts per squaris centimeter. 

Reference is inoW inade to Figure 2 which is a schematic illustration of a device 
20 which can be u^^^^^^ for freating xinwanted hair, e.g.^ by executing one or more of the 
10 above method stegrs: : Device 20 preferably comprises a transducer 22, for generating 
the acoustic waves, and a wave condenser 24 for condensing and transmitting the 
acoustic waves through the hair, Thb acoustic waves propagate through the hair shaft 
28 past the skin surface 30 ahd generate a sufficient amount of heat at the follicle 31, 
dermal papilla*32, hair bulge 35 and/or germinal matrix 33, so as to cause damage to 
15. the tissue and/6r destruction therepfi 

Trahsduceir 22 prefei:ably comprises an active element 23 which can be a 
piezoelectric cersmic ieleiinent or a piezoelectric composite element The active 
element can teie planar^ m Jion-plaaiar (eg., concaved), a single element or an 
arrangenient of a pteality. of elements on a suitable planar or non-planar surface. The 
20 back side of transducer 22 (designated in Figure 2 by numeral 21) is preferably 
exposed to air so as to ipiini loss of ultrasound energy: a substantial part of the 
ultrasound energy is refleb^^ from, the air-piezoelectric material interface back into 
the piezdd^ctnc '^le^^ back side 21 can be , sealed, ^.g:, using a 

polymeric &anl^^su^ 
25 " tothoseof air^:'>^^^^^^^^ 

According to a pr^ferir^d embodiment of the present invention wave condenser 
24 is designed and c6n^^ to estabUsh the aforementioned acoustic coupling 

between the hmi: waves* Preferably, wave condenser 24 grips the hair 

so as f o estabUsBH^^^^^^^^ desired acoustic coupling. Different coupling lengths can be 
30 established by :all0w diffetpnt gripping depths of wave condenser 24. 

Besides; depe^^ tbupling length, the acoustic coupling also depends 

on the orienta^tioh of hair- shiaft, e,g., relative to the main propagation direction of 
the acdu3tic waves while entering waye condenser 24. It was found by the Inventors 



wo 2005/079687 PCT/IL2005/000210 

of the present m^r^ effective transmission of energy through the hair can 

be acMeved .whenijthe projpagation direction of the acoustic waves while entering wave 
condenser 24 is generally paralleL t longitudinal axis of the hair shaft. This 
embodiment is referred to hereihund^^ as the "parallel orientation embodiment". 

Othier, iioj^^ of the hair shaft are also contemplated. For 

example; in anottier - preferre^^ embodiment of the present invention the propagation 
direction of tfcte: acQX^ waves while entering wave condenser 24 is generally 
perpendicular to the longit^^ axis of the hair shaft. This embodiment is referred to 
hereiaiinder as the "perpendicular orientation embodiment". 

Ih.an addiiipnal embodiment of the present invention, the propagation direction 
of the acpustic entering wave condenser 24 is generally a at a 

predetermiiaed ^gl^ 0'' or 90% to the longitudinal axis of the hair shaft. 

This embodin?enfi^^ferre hereinunder as the "inclined orientation embodiment". 
As will be apprec^a^^ skills in the art, the inclined orientation 

embodiment is a lin^iar combination between the parallel and perpendicular orientation 
embodunents. J examples of inclination angles include, without 

limitation^ ab6iitX6fy20^ 3 50°, 60°, 70° and 80°. 

in varibiis exeniplary. dnbodiments of the present invention, the shape of wave 
condenser 24 vis selected in accordance with the desired orientation embodiment. Yet, 
a given defsigri of wave condenser 24, does not necessarily linodts the use of device 20 
to a particular ori^ation enibodiment^ For example, when wave condenser 24 is 
designed and Goh^ parallel orientation embodiment, the hair shaft can be 

positioiied^^^^ condenser 24, in any orientation (parallel, 

perpendicn4ar,'anc^^ Similarly, any orientation of the hair shaft can be employed 
when wax^;cdttdfet^ 24js designed and constructed for the perpendicular oriratation 
embodiment: 

Figures : 3 a^^^^ of a particular configuration of wave 

condenser :24;,^^-^^ is ptefierably used in the parallel orientation embodiment. 
Condenser 2;4J 'pre^^ chamber 34 which receives hair shaft 28. 

Chamber 34 pan^^^^^^ an ultrasound transmission gel for the purpose of 

impedmce .inateMn enhancement of acoustic coupling. The acoustic waves 
generated by transducer 22 (liot ^iiown in Figure 3) are reflected from the inner side of 
siwface 36 pf chatiiber 34 and the energy carried by the waves is therefore entrapped in 
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chamber 34. ^air shaft^^ is introduced into chamber 34 to fomi coupling length, h, 
(a few millimeters^ as st4ed) between the acoustic waves and hair shaft 28. While 
bomicing back to^ the acoustic waves are transferred into hf^ir 

shaft 28 Jfiront a pl^ more preferably from substantially all radial 

directions (3$0°)V 24 allows the acoustic waves to envelope a 

segment of fl^e Hair mid not to focus on a single point of the hair. As will be 
appreciated by ohe of ordinary skill in the art, such configuration facilitates , the 
acoustic coupling between the hair and the acoustic waves. 

Suiface 36 can have ainy shape which allows the reflection of the acoustic 
waves and the -ac^^^ with hair shaft 28. Preferably, surface 36 is non- 

planar wiih; kjc^ of curvature of from about 1 mm to about 10 

millimeters^ mQr^':j^ between about 2 mm and about 5 nam. Representative 

examples of su#ace^^^ without limitation, a sphere, a cylinder, an 

ellipsoid, a paraboloid, a hyperboloid and any combination or portion thereof In the 
exemplary eral^odiiii shown in Figures 3a-b surface 36 comprises a cylinder with a 
hemisphere hekd:f ; ' ^ ^ 

There iiibrp than one coirfiguration which is contemplated to allow wave 
condenser 24 tp g^p or capture hair^haft 28. In one embodiment, shown in Figure 3a, 
hair shaft 28 i§ introduced through a hole 40 into chamber 34. In another embodiment, 
shown ih Figu*e. 3b, chamber 34 momentarily splits, e.g,, about an axis 42, into two 
parts (designated: 34a and 34b in Figure 3b) defining a gap 44, captures hair shaft 28 
in gap 44 aiid i^s^^ When transducer 22 is adhered to 

condenser 24, both transducer^^2 and condenser 24 prefesrably split and reassembled 
toge&er (see,^ and the accompanying description below). Parts 34a - 

and 34b can be fjismgaged i^ther by rotary motion thereof abdiit axis 42 or by any 
other motion, ^:g;. i a linear motion m a perpendicular, parallel or at any other direction 
relative to tois54i^^^^^^ in an alternative, yet preferred embodiment, there is a 

xjomplete detapl^^ froin part 34b to enable the insertion of hair shaft 28 

to gap 44. :ln still t^ parts 34a and 34b slide one relative 

to the other to x^j^fiir^ hair Shaft 28 therebetween. Parts 34a and 34b are preferably, 
but not obligatorily syn^ each other (e.g., two halves of a cylmder). 

In any o^ chamber or its two parts can be partly 

hollow eib^ ultfaspiind gel. The chamber or its two parts can be made of 
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any smtable not limited to, metal (e.g., alxHttinum), polymer 

(e.g.. Room Temperatare Vulca^ rubber, abbreviated to RTV) or combination 
thereof \Wa^tte contains ultrasound gel, the acoustic contact 

between the waY^ con^^ the hair shaft can be further improved by 

applying ixltrasoiiAd^ .g^^^^^^ hair, shaft or to the surfaces of the wave condenser 

contacting fli<^ h£u^^^ of the transducer. 

According to a preferired eijibpdiment of the present invention, the location of 
hair shaft 2& -withiA 24 is along or close to its symmetry axis 

(designated 41 in. Figures 3a-b). The advantage of this embodiment is that the 
positioning of the Ha^ along the symmetry axis enhances the efficiency of energy 
transfer to. the hair shaft, be interference of acoustic waves makes 

the density q|^ ^^ axis significantly larger than in other 

locations in . xdba;nib^, 3 For nori-axially-symmetric shapes of c2iamber 34 the 
preferred locaimtt 6f hai^ close to the center of chamber 34, 

jR-efenriiigfii^ again tp: Figiire 2, device 20 preferably comprises a focusing 
element 26, . cpupiii^ transducer 22 and wave condenser 24, Focusing 

element 26 f6(Ci^0^^^^^ by nialdng the beam of acoustic waves 

converge tow^ ^ a^ located ia wave condenser 24, Focusing element 26 

is preferably , attached to transfdticer 22, such that there is good transmission of acoustic 
waves from trjmsdud^^ and eleinisait 26, This can be achieved using any adhesive 
known in the ait.^^ f 

In the Embodiments in Which the hair shaft is captured by momentary splitting 
of condenser 24 (sp^HFigure element 26 and^r transducer 22 preferably 

split together (see, e.g.. Figures 4a-b and the accompanying 

description bai[^ A of hair shaft 28 enters g^ 44, the splitting parts 

reassenible .^,.^^ inside chamber 34, transducer 22 is 

activated to ge^drate tE^4^ waves. Focused by focusing element 26, the waves 
enter cojadenser cbup^ and propagate through hair shaft 28, 

preferably with^^^i^^ transvearse) vibrations, toward follicle 31. 

Upon reacliing^s(>ft^^ follicle 31 (dermal papilla 32, hair bulge 35 and^r 

gemxinaimatdx waves in the form of local compression 

and tensiori sfeses^^^^^^ converted into, thermal energy, leading to the increment in the 
temperature and cre^ tjie destruction of the cells. 
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Refei^ed^ 4a-b which are schematic ilhistrations of 

device 20 iii a/$v&^ is preferably used in the perpendicidar 

orientation^embod^^ embpdiraent, transducer 22 comprises a first part 22a 

and a second^j^^ one or more active elements O^espectivdy 

5 designated 23^1 non-planar, as further detailed hereinabove. 

Focusing elem part 26a and a second part 26b, where first 

26a and secoiid;^6^^^^ element 26 respectively couple first 22a and 

second 22b pkrts of iriahsducer 22 with first 34a and second 34b parts of chamber 34 
of wave cdtidehser 24. The coupling between the first parts of transducer 22, element 
10 26 and condenser 24 is isometrically illustrated in Figure 4b. 

Gnce hair shaft 28 is gripped between parts 34a and 34b, transducer 22 is 
activated and a; W(a^ 54 of an acoustic wave begins to propagate from active 
. dements 23 j^^^ to a longitudinal axis 56 defined by the shape of 

focusing elenient ^i6 element 26 focuses the acoustic wave onto condenser 

15 24, siich ttat ~^^^ to propagate within condenser 24, generally 

parallel be,: for example, symmetry axis 41. According to the. 

presently pref^^ft i^^ of the invention axis 58 is substantially perpendicular 

to axis 56 k4 ha^ siha^ the hadined orientation embodiment can be 

employed, m^s^^i^^ is inclined to axis 56 by a predetermined angle. 

20 Ebcu^i^g re|&a^ 2^ preferably comprises a tapered housing, characterized by 

a wider cross-^eotional and a narrower cross-sectional area, d. The height of 

the housing iMJefe half-integer number of wavelengths of the acoustic 

waves (^.g:, bite ha^^ It is to be understood that tiie acoustic energy 

concentrator does not have to be cylindrically symmetrical. Focusing element 26 can 
25 be made of^v^ ^m reflecting acoustic waves. Representative 

exanyples for #ife^ without Iknitation, metal (ag;, akuninum) and 

. polymers wiuit 

The: wiie^ 9rea p of focusing element 26 is prefierably fix«n 

about 1 nmi t:d^^ preferably from about 4 mm to about 8 mm. The 

3a narrower (ios^sBc^^ is prisferably fixma about 0.5 mm to about 5 mm, more 

preferably frpm i^^ mm. The profile of the tapered housing can 

have one ;0r tn^ 
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wMch effeptively^c^ acoustic energy to a small volume with minim fll 

energy losSe3v:;>^^'^ A ^ 

I!ig^G^^5^ illustrations of different possible shapes for the 

tapered housing of ;fp 26, according to various exemplary embodiments 

5- of the pi:0sen|:Tin^^ tapered housing can have a stepped profile 

(Figure 5 a) haviiig^ part and a narrower cylindrical part. The heigjit 

of each part is prbj^^^ quarter of a wavelength of the acoustic waves. In 

this embodiment |ie:!ma:g^ is given by the ratio D/d. 

In anofhet e^ in Figure 5b, the tapered housing has a linear 

10 profile (e.^^., a truhpated cone). 

Id. iatt : addition^ embodim shown in Figure 5c, the houstag has an 
exponential..prpfile.> ;S design offers higher magnification factors as compared to 
the linear prQfil4.v Its sh^e makes it more difficult to manufacture but its length 
coupled wii|L#statt^ at the yrorking end makes this design particularly suited 

15 tomicro^apiplic^^ 

Li angOikir^ in Figure 5d, the tapered housing has a. 

segmented^ lin^l^^ a plurality of linear segments. For example, in this 

embodiment of a plurality of truncated cone each having a 

smaller openi^lg M Site op angles can be selected so as to approximate an 
20 exponential prtifiii^ 

Figiire^^f ^^^^^^ schematic illustrations of transducer 22 and focusing element 
26 in the jpreferrb4 iii which focusing element 26 comprises a tapered 

housing; It is to be ^ u^^ that although the illustrations in Figures 6a-b are 

directed at a; not excluded fi:om the scope of the 
25 . present inven^^pn::^ the presently preferred embodiment of the 

invention activp 4^ 22 has a spherical shape. The acoustic 

waves are gen^a^ element 23, enter focusing element 26 which fecus 

them and generatps a: smal^ 50 of maximal ener^ density within condenser 24 

(not shpwii im^ '^B0fjFigq^ 6b is a schematic iUustration of the preferred 
30 embodinaejaf 22 comprises n active elements, designated m Figure 

6b by nu^ n). In this; embodiment, device 20 jpreferably 

comprises a £|duSi^ = 1, 2, n), such that each individual active 
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element is cQmected to a r^^^^ individual focusing element whereby all the 

focusing elements jpyefer^^ the waves to volume 50. 

Refemn^^^ in various exemplary embodiments of the 

invention dew^e ^lO coiiij?ri^^ a drive mechanism 48 for imparting a motion of wave 
5 condehsCT 24 %clrQ^^^ of focusing element 26 and/or transducer 

22, relativp tbittie;^ Drive mechianism 48 can be utilized, for example, for gripping 
of hair shkft: 2^8. * V- : " < ■ ^ 

©rive meqhamsm 48 known mechanism which can impart the 

desired motioii. : Typically, but not obUgatorily, drive mechanism 48 utilizes an 

10 electrical motor 47 and a suitable transmission 49. Drive mechanism 48 can impart 
more than one type of motion. For example, in various exemplary embodiments of the 
invention drive mechanism 48 impart a rotary motion so as to periodically split and 
reassemble cojideiiser 24, focusing element 26 and/or transducer 22 as further detailed 
hereinabdvd, u^^^ additionally, drive mechanism 48 can impart a 

15 reciprocal Ijtaear hjotio to cdndesnser 24 along the skin thereby to repeat the treatment 
to more Ijito ig^^ more than one time to each hair. 

Refereri^(S)is^^^^^n^ to Figures 7arc, which are schematic illustration of 

device 20 in accordance of the present invention. Device 

20 preferably ^o&j^ri^ ^i^. capturer 52 for capturing the hair. Many types of hair . 

20 capturers, disposable as well reusable are contemplated. Typical hair capturers are 
those being utilized in epiM e.g., a brush (Figure 7a), a net (Figure 7b) and 

a clanip (^ig(jd:p^!0; Oth^r types of hair capturers as well as combinations between 
two. or more tj^es are alsO conternplated. Additionally, condenser 24 can serve as a 
hair capturer, :4s shown in the representative example of Figure 7c, In any event, hair 

25 ■'• capturer 52 is jprefe by drive mechanism 48 (not shown in Figures 7a-c) 

which imparts hatt^ 52 with a rotary and/or reciprocal linear motion as further 

detailed liereiial^ 

Jj^^ transducer 22 has a shape of a 

cylindrical is concaved hence allows the focusing of the 

30 acoustic wkve^it^ According to the presently preferred embodiment 

of the myen|iM^ has a shape of a portion (e.g.^ about one half) of a 

cylinder. ISi^iiicS-^^ ;t)ounce back and forth between the concaved surface of 

transduc!^.224ii4 cylinder, while the hair shaft is gripped by 
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hair capturer ^i belo^ focal plane of transducer 22. Hair capturer 52 preferably 
hJibricates the traosirussim gel during the capturing so as 

to enhance . tIi^ :M^^ capturer 52 and the hair shaft. The 

ultrasound frab^s;^^ be partially or fiilly adhesive. Capturer 52 can 

incorporate gr^yov^s and/or holes, through which ultrasound transmission gel or any 
other coinpouiid towards the hair shaft surface. The presence of gel 

also enlarges ihe^^^i^^ thereby improves the acoustic power transfer to the 

hair. Capturer 52 caji also be used for pxiUing the hair subsequently to the destruction 
of the cells, as fur^ detailed hei^einabove. 

It is expected that during the life of this patent many relevant instrumentations 
for generating -foc^^^^ and condensing acoustic waves will be developed, and the 
scopes of the ternls transdtxcer, condenser and focusing element are intended to include 
all suchnew techiiolagies a /7rzo^^^ 

Additional o^^^ and novel features of the present iavention will 

[ become appar^'j^ <^ skilled in the art upon examination of the following 

examples, ^v^i^ to be limiting. Additionally, each of the various 

enibodiments v^^^ present inventioii as delineated hereinabove and as 

claimed in th0 d^im^ below finds experimental support in the following 

examples. - ' / ^ 

' ; -^^'y^ EXAMPLES 

Refordiee is rK)w the following examples, which together with the 

above descripCiphs^^ a non limiting fashion. 

Computational Model 

Figure 8 is- a of a simplified model of the geometry of 

the hair, Wiicli il^^ distinguished regions: (i) the hair shaft above and 

below the skih^ s^^ which comprises the dermal papiUai and the 

gerniinai niati^ bulge, which is a part of the follicle and located 

. near thd and the hair bulb. The hair shaft has a 

substantialiy^^ &^ structure and is located wifhia the air. or the soft 

tissues whidilfi^ The hair shaft presents a 
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. • ^ • . ■ ■ ^ ; 29 

good system for guiding an acoustic energy from the top end to the hair bulge and the 
entry point intb the hair bulb. 

The gebnxetry pf^ the hair bulb and hair bulge considerably differs from the 
geometry pf Jh^^Jiair shaft; Multitude of the curved segments having different 
5 acoustic impedang^^^ ideal structure for multiple reflections of acoustic 

wave. Tke bij^ lifo^ of the hair bulb and hair bxdge material (about IdB/nam at 

a frequency df about 1 lifflz) residts in intensive local energy release and transient 
temperature rise at: t^^ bulge regions. 

Calculatioiis perfom Inventors of the present invention show that in 

10 order to .bting^:the te^ the hair bulb and hair bulge from normal body 

temperature t6 laibout 7^ about 10-100 milliseconds, absorption of 

ultrasound power at a rate of less than 10 milliwatts is required. The ultrasound 
absorption in the hair bulb and han: bulge at about 1 MHz is estimated to be about 10- 
20 % of the Ulfrasound energy transmitted into it, while the remaining portion of 
15 energy is frankmitted into the surrounding tissue. Therefore, the required ultrasoxmd 
power that jjeeda b^^^^ the hair bulb and bair bulge is less than about 50- 

100 milliwatts. ; ■ ■ 

A hair shaS of 5^^!^ length (from the tip of the wave condenser 24 to the 
hair bulb), alJsoir^ a^ at a frequency of about 1 MHz. Thus, an 

20 i3ltrasoiw0 p^ 150-300 milliwatts iiyected for about 10-100 

milliseconds mt6 J^^^ in a temperature of about 70 in the hair 

bulb and hair "buigej; As staitied^ such temperature can destroy the cells in the follicle. 
A power level of ^150-3 dOiM^ small in magnitude, is rather large in 

density. SpecifiGally, as the hair sbaft cross-sectional area is about 0.00008 cm , a 
25 power level oM 50-300 corresponds to a power density of about 2000-4000 

-watts/cm?. ' 

The wi^^e cbhde^ typically grips several millimeters of hair shaft 

. . (from h 7^ 2 mrn t6 h ^ 5 mni), to a total area of a few tenths of square 

nadUimeters to ia (0,006 cm^ for h « 2 mm and 0.016 cm^ for 

30 h w 5 imm)yC0y a<^to4$tlcM^ the hair shaft and the acoustic waves, 

the entire arei W coupling length, h, can be exploited for 

collecting ^1bb{;a(x^ A power density of 2000-4000 watts/cm^ can 

therefore be cdilected witM using a wave condenser and an ultrasound 
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transducer which generates from about 10 watts/cm^ to about 55 watts/cm of power 
density. 

The longitudinal vibration amplitude e of the hair shaft (the longitudinal 
displacement of particle along the hsiir shaft), can be calculated by flie foUowmg 
equation: 



f 1 1 (EQ. 1) 

where / is the ultrasound density, Z is the acoustic impedance of the vibrating 
element, and/is the ultrasound frequency. 

For a density / of 4000 watts/cm^ (4x 1 0*^ watts W), a frequency/of 800 kHz, 

10 and an acoustical impedance of the. hair shaft of 3.24x10^ kg/m\ the vibration 
amplitude s of the hair shaft ne^ thie wave condenser, according to Equation 1 above, 
is 0.99 pm. At any other point along the hair shaft towards the hair bulb, as well as at 
the hair bulb and hair bulge, s is much less than 1 p-m. For example, the ultrasound 
intensity at the distal end of the hair bulb is estimated to be about 5 times smaller than 

15 that at the hair shaft exit from the wave condenser, hence the vibration amplitude at 
this point is aboUt 0.44 fim. This ampUtude is too small to cause a mechanical 
depilationof thehair. . - 

Note that ia the above discussion a, rather high power density value was used. 
Any lower intensity value results in smaller vibration amplitude. The vibration 

20 amplitude is itiversely proportional tp the ultrasoimd frequency. Experiments made 
by the Inventors of the present invention showed that at an ultrasound frequency of 
250 kHz, under the same operating conditions (/= 4000 watt/cm^ and Z == 3.24x10^ 
kg/m^s), the temperature of the hair bul^ did not go beyond 40 °C. Borderline effects 
of hypertiiermia or any other : thejfinai damage are expected to occur at this low 

25 frequency level. However^, even at this frequency limit value, the vibration amplitude 
at the distal end of the hair bulb is computed to be only 1.4 \xm, which is still too 
smaH to cause a mechamcal depilatipii of the h 
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Experiment: 1 

A prototype way^ bmlt in accordance with a preferred 

5 embodiment oi tfie pr^s^^^^ invention, . The wave condenser was manufactured with a 
pore wMch- jfil^^ gel. The diameter of the wave 

condenser wa$|3 :j^^ of the pore were 1 mm in diameter and 5 mm 

in length. : '^V : 

A fewjly^^ were introduced into the condenser. An ultrasoimd 

10 transducer wg^' '^^sem the condenser, without intermediate focusing 

element. The ulttks^ operated for about 0.1 second at a frequency 

of 1005 iHz attd^^^ of about 5,2 watts/cm^ on its surface. 

Figure 9 is ari mi&ared imag the treated hair shafts. Also shown in Figure 9 
is an image oi" jie^^^^^w As shown in Figure 9, the acoustic waves 

15 . successftilly heated the hair shaifts with the hot point at the distal end of the hair shaft 
acquiring a teiiperjEiturp of 142 "^C, / . 

Experiment 1 ; ^ - 

Four l^um^ introduced into the wave condense of 

20 Experiment 1 , t I'df eachf h different coupling length h was defined by a 

different ijasdtiofa^^^ hiair shaft into the wave condenser. The following 

coupling leQgfliii|^^^ A ==.2 mm, A = 4 mm, A = 6 mm and h = 8 mm. The 

. ultrasduiid fi-e^^ and the power density at the surface of the 

ultrasound traii^duc^^^^ a lower density of about 1.2 watts/cm^ 
25 aiid higher density o^^ 

Figure :10 :is temperature of the hair shafts as a fimction of 
the coupling iengtti. As . shown in Figure 10, a close to linear increment of the hair 

shaft temperafiire wilH^^,^^^ This result is in agreement with the above 

model, becaiisi^ l^ length correspond to higher levels of 

30 wave penetf atiba to larger ultrasound energy propagation 
.within the Imir^^a^ 
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Experiment 3 : ' 

A hummihak shaft with a hair foUicle was inserted ex-vivo into rounded gel 
bulb, 6 nim iQ diameter wM^ served as a wave condenser. The gel bulb was 
positioned directly oh top of an ultrasound transducer, without a focusing element, 
5 with the hair bulb protniding ipto t^^ air. To simulate the dermal tissue surrounding 
the hair bidb^v^ f^w nullli^ of g^l were applied on the protruding hair bulb. The 
xdtrasoimd itansdti^^ at a frequency 1005 kHz, providing, at its surface, 

about 3; watts/pm?, Tlie dtir^ of treattnent was 0. 1 second* 

Fijgvir^i 1 IS an mfearq image of the treated hair shaft. Shown in Figure 1 1 , is 
10 a 2 nim septiopi o^^^^^ hair shaft between the wave condenser and the gel bulb which 
was heated by tiie ill& a temperature of about 62 

Figur^ |2iarc a^^^ microscope images comparing hair bulbs before 

(Figure l2a) a^d;aft)^ (Fi^^ by the xxltrasound waves. As shown 

in Figures 12b-c1^^^^ waves, condensed by the ultrasound 

15 wave condenser atid transtriitted through the hair shaft, was absorbed by the hair bulb 
located within a thick ^^^g^^ The absorption of energy caused a temperature 

increase wMch^was^fo by a complete disfigurement of the hair bulb. 

It is . a|)|)re(^^ features of the invention, which are, for clarity, 

20 described in^-:^^ of separate embodiments, may also be provided in 

coriibinatioii iii aS^iS^ Conversely, various features of the invention, 
which mG, 'jR>^:^i^^ (3ibsciSj^^ in the context of a single embodiment, may also be 
provided sqjfa^ 

25 Mthou^ : :.t^^ has been described in conjimction with specific 
embodiments thdredf^ 

will be appiarejit to :f^^ in Uie art. Accordingly, it is intended to embrace all 

such aherhatiyeSj i^^ and variations that fall within the spirit and broad 
: scope of the.; appended ; plaitns. All publications, patents and patent applications 

30 mentioned in %i^ :^f)ecifipati^ are herein incorporated in their entirety by reference 

into the ispecification^ extent as if each individual publication, patent or 

patent appllbatipn;^^^^ arid individually indicated to be incorporated herein 
by refea:ence:;;j£Q: or identification of any reference in this application 
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shall not b0 cdnstfue^ an admission that such reference is available as prior art to 
the present itjventioii. 



